Abstract-Ninety-two mice were divided into 2 groups and 2.5 mg/kg of d-amphetamine sulfate was given to one group, and 10 mg/kg of morphine hydrochloride to the other, at daily intervals. These two groups were then futher divided into flicking lightpresented and non-presented groups. The acute effects of the drugs on the ambulatory activity of each mouse were observed for 180 min after the drug administration. The motor-accelerating effect of both drugs was progressively enhanced with repeated administration. After the drugs were administered 10 times, physiological saline was given subcutaneously to the mice and the motor-accelerating effect of the drugs could be observed for a short time, especially in the flicking light-presented groups. This effect disappeared after repeated administration of saline solution at daily intervals for 6 days. Thus, the motor-accelerating effect produced by saline is considered to have been elicited as the result of conditioning between the conditioned stimuli (flicking light and other environmental factors) and drug effects.
It is generally considered that placebo effect is a particular phenomenon observed exclusively in human subjects. There are relatively few reports of this phenomenon in animal experiments (1-4). We often noticed that when rats or mice were repeatedly given psychotropic drugs, the acute effects on their behavior were enhanced to a marked extent under a certain experimental condition (5-12) and when the animals were later given physiological saline instead of the drugs, the effects similar to that of the drugs previously given were sometimes, though not always, elicited. This effect is considered to have a common nature with placebo effect, in a wide sense.
The present experiment was an attempt to elucidate the phenomenon similar to a placebo effect in mice after repeated injections of d-amphetamine or morphine.
MATERIALS AND METHODS

Experimental animals:
Male ddG-strain mice, aged 21 days, obtained from the breeding colony of Gunma University Medical School, were used. For a month before use, they were kept in our laboratory and were fed a solid diet of MF (Oriental Yeast Co., Tokyo) and tap water, both of which were provided ad libitum. Ninety-two mice weighing about 30 g were then selected. As shown in Table 1 , they were separated into 4 groups. After determination of ambulatory activity, they were returned to their home cages, where food and water were provided ad libitum, and left there until experiments the following day. The ambulatory activity (running response) of each mouse was determined by the tilting cage method, devised in our laboratory (13) . The principle of the method is as follows, each mouse is placed in an open circular field 24 cm in diameter. Any slight tilt of the activity cage caused by ambulatory movement of the animal is detected by a microswitch which activates an electromagnetic counter. Thus the ambulatory activity is counted automatically.
In the present experiment, 14-18 activity cages of the same type were used simultaneously, and the number of counts was recorded at 10 min intervals throughout the observation.
Student's t-test was used for statistical analysis of the results.
Drugs used:
d-Amphetamine sulfate and morphine hydrochloride were used and the experimental conditions are shown in Table 1 . The drug administration schedules consisted of the following 3 stages.
Day 1: Each mouse was placed in a activity cage, and ambulatory activity was recorded at 10 min intervals for a 30 min period. A saline solution was then given and measurements were taken at 10 min intervals for a further 60 min. At this point, 0.6 mg/kg of d-amphetamine or 2.5 mg/kg of morphine was given s.c. and the measuring was continued in the same way for a further 120 min. Flicking light (FL) set at 20 cm above the center of each cage were presented to Groups I and III immediately after the saline administration to the end of the experiment. Groups II and IV were not exposed to FL. In all groups the experiment was conducted under normal laboratory illumination with 60 W fluorescent strip light.
Day 2-11: During this 10 day period, the mice were placed in the activity cage once a day from 10:00 a.m. to 1:30 p.m. After the initial 30 min measurement of ambulatory activity, Groups I and II were given 2.5 mg/kg of d-amphetamine and Groups III and IV 10 mg/kg of morphine, and then the activity was determined and recorded subsequently for a further 180 min. FL was presented to Groups I and III immediately after the drug administration to the end of the experiment.
Day 12: A procedure identical to the first day's experiment was repeated. The findings on these two days were then compared. Since only limited numbers of activity cage devices were available, the experiment was repeated three times to prepare the required number of animals. The final experiment with d-amphetamine involving 7 mice from Group I and 7 from
Group II was performed for the observation of extinction of the conditioning in the following way. Each mouse was placed in an activity cage at 10:00 a.m. every day from the 13th day to the 18th day. The activity at 10 min intervals was measured over a period of 30 min and an identical volume of saline to that of the drug solution was then given s.c. The activity was recorded successively in the same way for a further 60 min. FL was presented to Group I immediately after the saline to the end of the experiment, but not to Group II.
RESULTS
Comparison of ambulatory activities between the 1st and 12th day: Figure In some cases the activity was slightly increased over a period of 1 hr after the administration of d-amphetamine, but on an average, no noticeable increase was observed on the 1st day. Administration of 2.5 mg/kg of morphine, however, resulted in a slight increase in activity with a peak at 40-50 min after administration.
On the 12th day, in general, the activity during the 30 min period before the saline administration was significantly lower than that of the 1st day. This is probably due to the habituation process. On the contrary, the activity was transiently enhanced in both Groups I and III immediately after the saline administration. Especially in the FL-presented groups, a significant increase of the activity was observed as compared with the 1st day's data. In the FLpresented group, the mean counts before saline administration were always low independently on the number of repetitions, whereas the count after administration was significantly high on the 1st to 4th administration. Thereafter, the count gradually lowered and there was no significant difference after the 5th administration. On the contrary, there was no significant difference in the non-FL-presented group.
DISCUSSION
We have long observed that the repeated administration of drugs such as d-amphetamine, methamphetamine, morphine or cocaine which have an accelerating effect on motor activity in mice produce marked enhancement of their acute effects. On the basis of our experimental data, the following properties were found (5, 9, 12, 14) . 1) The right dose required to produce a marked enhancing-effect has to be determined.
2) The effect can be always observed as long as the administration is repeated at intervals of 1-7 days, and once established, the enhancement is irreversible even 1-2 months after withdrawal of the drug. 3) In addition, the environmental factors to which the animal is exposed while under the drug effect, play the most important role in producing the enhancement (1).
The doses of d-amphetamine and morphine given in the present experiment on the 2nd to 11th day were confirmed to be the optimal. On the 1st day, the motor-accelerating effect of d-amphetamine was observed only slightly, but the effect was markedly enhanced after repeated drug administration of the optimal dose which produced the progressive enhancement of the effect from the 2nd to 11th days. A very interesting finding was that a significant increase in the activity was observed for 10 min after the saline administration on the 12th day, especially in FL-presented groups. Furthermore, it was shown that a small dose of d-amphetamine tended to elicit a higher increase of activity in FL-presented group 
